Summary
: The innervation of the orbital muscle of the mouse was studied by light, fluorescence, and electron microscopy. Hie orbital muscle in man and mammals has been described as an extraocular smooth muscle extending in the floor of the orbit (Vermeij- Keers 1973 Yamashita et al. 1980 ). It has been generally accepted that sympathetic paralysis of this muscle is a cause in the retraction of the eyeball in Horner's syndrome. However, there is no detailed information about the nerve supply of this muscle, except histochemical reports by Ehinger (1966) and Page (1973) . The purpose of the present study is to clarify the fine structure, origin, and distribution density of autonomic nerve fibers in the orbital muscle of the mouse with light and electron microscopical and histochemical methods.
Materials and Methods
Adult KH-1 mice (Mus wagneri var. albula) were used. For secondary degeneration experiments, the following four kinds of operations were performed : 1) excision of the superior cervical ganglion, 2) excision of the pterygopalatine ganglion, 3) sectioning of the nasociliary nerve, and 4) sectioning of the zygomatic nerve. Excision of the ganglia were performed according to the same procedures as described in a previous paper (Yamashita and Honjin 1982). The nasociliary and zygomatic nerves were cut in the deeper part of the orbit. The animals were killed 24 h, 2 days, or 7 days after the operation. The orbital muscle was removed together with the entire orbital contents.
For light microscopy, the tissue was fixed and stained by the photographic silver method of Honjin (1956) for axonal staining, and cut into 10 p serial sections.
Catecholamine fluorescence was examined by using the FGS method of Nakamura (1979), a modification of the Faglu method of Furness et al. (1977) . Acetylcholinesterase activity was demonstrated by the rubeanic acid-enhancement method of Nakamura and Torigoe (1979), a modification of the thiocholine method of Karnovsky and Root (1964) . For study-. ing the distribution density of the catecholamine-positive fibers and the acetylcholinesterase-active fibers, thin spread preparations prepared by the same methods as mentioned above were also examined.
For electron microscopy, the tissue was fixed by a method described previously (Yamashita and Honjin 1982), which is a modification of the dichromate method of of Tranzer and Richards (1976) for detection of biogenic amines in the nervous tissue.
Results

I. Light Microscopy
The orbital muscle receives thin nerve branches which are derived from the socalled "retro-orbital nerve plexus" (Ruskell 1970), the anterior ethmoidal nerve, and the zygomaticofacial nerve. These branches contain many unmyelinated nerve fibers, but no myelinated ones. As the nerve branches reach the muscle, they divide into numerous thin nerve bundles, which form a plexus on both the orbital and bulbar surfaces of the membranous muscle belly.
The axons in the nerve plexus have many varicosities situated along their course and run among the muscle cells (Fig. 1 ).
II. Histochemistry
In the normal orbital muscle, a fine nerve plexus composed of catecholamine positive fibers appears, which show a bright green fluorescence.
The fibers of the plexus contain many varicosities, which show stronger fluorescence then the other axonal parts (Figs. 2, 4 ). Based on general phological features, this nerve plexus revealed by catecholamine fluorescence corresponds to the nerve plexus morcomposed of many fine unmyelinated fibers demonstrated by the silver method. After superior cervical ganglionectomy, the catecholamine fluorescence in the total muscle disappeared completely at 24 h and thereafter (Fig. 3) . On the contrary, after pterygopalatine ganglionectomy, it remained unchanged even at 7 days. After sectioning of the nasociliary nerve the catecholamine fluorescence in the anteromedial portion of the muscle disappeared in 24 h, while after sectioning of the zygomatic nerve the fluorescence in the antero-lateral portion disappeared in 24 h. Sectioning of each of these two nerves had no influence on the catecholamine fluorescence in the posterior portion of the muscle.
The thiocholine method for acetylcholinesterase activity applied to the normal orbital muscle reveals a fine nerve plexus whose distribution is restricted to the posterior portion of the muscle (Figs. 5, 7) ; it never extends to the anterior portion (Fig. 8) . The cholinesterase-positive loci occur along the course of the nerve fibers, especially in their varicosities. However, in distribution density, the nerve plexus in the posterior portion demonstrable by cholinesterase technique appears less profuse than that detected by catecholamine fluorescence.
This relationship is more markedly shown in the thin spread preparation (Figs. 4, 7) .
After superior cervical ganglionectomy, the acetylcholinesterase activity-positive fibers survived completely intact. By contrast, after pterygopalatine ganglionectomy, they disappeared completely by 7 days (Fig. 6) . Sectioning of the nasociliary or zygomatic nerve elicited no changes in the acetylcholinesterase activity in the muscle.
III. Electron Microscopy
The varicosities found in light microscopy appear as axonal expansions of 0.6 to 1.2 it in diameter (Fig. 9) . They contain many synaptic vesicles together with several mitochondria, glycogen granules, neurofilaments and neurotubules. They partly lack a Schwann cell sheath on one side facing the tissue space, but usually have a thin basal lamina on their surface. The axonal expansions can be divided into two types according to the nature of the synaptic vesicles presented. Type I always has small granular vesicles and usually also a few agranular or large granular vesicles. Type II has many agranular vesicles and sometimes also a few large granular vesicles. The agranular synaptic vesicles found in Type II are always spherical, while some of the small granular and agranular vesicles found in Type I show an ellipsoid form. The core of the large granular vesicles in Type I usually is more dense in regards to electron density than that of Type II.
After superior cervical ganglionectomy, Type I expansions underwent degeneration, while Type II expansions remained intact (Fig. 10) . By 24 h after the operation, Type I expansions changed into irregular clumps of axonal debris enclosed by a Schwann cell cytoplasm.
Then the clumps of axonal •debris decreased in number and disappeared completely by 7 days after the ganglionectomy.
On the contrary, pterygopalatine ganglionectomy induced degeneration of Type II expansions, but had no influence on Type I expansions (Fig. 11) .
In order to estimate the distribution density of the two kinds of axonal expansions in the normal muscle, 140 electron micrographs ( x 5,000) were taken from each of the posterior and anterior portions of the muscle. The total examined area of the posterior portion was of 3.92 x 104 ,u2 , in which 169 axonal expansions were found, Among them 143 expansions belonged to Type I and 26 to Type II. Conversion of these data to values per unit area of the muscle, yielded a distribution density for Type I of 36.4± 13.2 (standard deviation)/104 p2 , and for Type II of 6.6±4.3/104 ,u2 . In the examined area of the anterior portion of the muscle, 147 Type I expansions were found, but no Type II expansions could be found. The distribution density of the Type I expansion in the anterior portion of the muscle was 37.5±9.6/104p2. According to the present histochemical study the catecholamine-fluorescent fibers are supplied to the whole orbital muscle, but the distribution of the acetylcholinesterase-active fibers is limited to the posterior portion of the muscle, which extends over the orbital venous sinus. However, the origin of these two kinds of nerve fibers and their pathway to the muscle remained obscure. The present histochemical study firstly demonstrated that superior cervical ganglionectomy produces a disappearance of catecholamine-fluorescent fibers and pterygopalatine ganglionectomy produces a disappearance of acetylcholinesterase-active fibers. The present electron microscopic study of the same materials indicated that Type I endings in the orbital muscle undergo degeneration after superior cervical ganglionectomy and Type II endings undergo degeneration after pterygopalatine ganglionectomy.
These findings indicate that Type I endings having a various number of small granular vesicles are synaptic endings of the adrenergic nerve fibers originating in the superior cervical ganglion and Type II endings having many agranular vesicles are synaptic endings of the cholinergic nerve fibers derived from the pterygopalatine ganglion.
Johnston and Parkinson (1974) and Parkinson et al. (1978) in man, and Yamashita (1979) in the mouse pointed out by macroscopic and light microscopic studies that several branches of the internal carotid nerve enter the nasociliary and zygomatic nerves at the anterior side of the superior orbital fissure. The present study revealed that sectioning of the nasociliary and zygomatic nerves produces a disappearance of catecholamine-fluorescent fibers located in the anterior portion of the orbital muscle. This indicates that the adrenergic fibers to the anterior portion of the muscle pass through the nasociliary and zygomatic nerves, and that those to the posterior portion run through the retro-orbital plexus and reach the muscle as its direct branches.
Vermeij-Keers (1973) reported in human fetuses that some of the orbital branches of the pterygopalatine ganglion reach the orbital muscle. The present light microscopic study by serial sections indicated that some branches of the retro-orbital plexus, which is formed by the orbital branches of the pterygopalatine ganglion together with the sympathetic fibers passing through the stem of the abducent nerve, enter the posterior portion of the muscle.
These findings show that the cholinergic nerve fibers reach the posterior portion of the muscle after passing through these orbital branches of the pterygopalatine ganglion. Ehinger (1966) and Page (1973) reported that the catecholamine-fluorescent nerve fibers appear more profuse than the cholinesterase-active ones. This interrelation in distribution density between these two kinds of nerves was also noted in the posterior portion of the muscle in the present study. Our study indicated that the proportion of Type I (adrenergic) and Type II (cholinergic) endings are 85% and 15% respectively, and all of the nerve endings in the anterior portion belong to Type I. 
